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(71) We, Siemens Aktiengesell- 
SCHAFT, a Gennan Company, of Berlin and 
Munich, Federal Republic of Germany, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statemrait: — 

This invention relates to phase detectors, 

10 and more particularly to a phase detector 
for determining the phase difference between 
a binary measurement signal and a binary 
reference signal and for producing first and 
second pulsed output signals the pulse widths 

15 of the pulses of which depend upon the mag- 
nitude of the phase difference. 

Phase detectors are frequently used in 
phase control circuits. The function of a 
phase control circuit is to produce a signal 

20 whose frequency and phase are controlled in 
such manner that the frequency is equal to 
the frequency of a reference signal and that 
a predetermmed phase difference exists be- 
tween the signal and the reference signal. 

25 Normally a phase control circuit con- 
tains, in addition to a phase detector, a con- 
trol device and a voltage-controUed oscilla- 
tor. The voltage-controlled oscillator pro- 
duces a signal having a controlled frequency 

30 and supplies this to the output of the phase 
cotitrol circuit and to an input of the phase 
detector as a measurement ^gnal. A refer- 
ence signal is applied to another input of 
the phase detector. The phase detector de- 

35 tennines the phase difference between the 
measurement signal and the reference signal 
and feeds the control device with pulses 
whose widths depend upon the phase dif- 
ference. The control device produces from 

40 these pulses a control voltage for the volt- 
age-controlled oscillator which alters the fre- 
quency of the signal emitted by the latter in 
such a manner that any deviation from the 
given phase difference is coimteracted. 

45 Phase detectors are already known which 
detennine the phase difference between a 
measurement signal and a reference signal. 
German Patent 1.801,261 describes a phase 
detector in which the r^erence signal is 

50 logic-linked to the measurment signal in a 
first AND-gate and is logic-linked to the 



inverted measurement signal in a second 
AND-gate. The outputs of the two AND- 
gates control current sources which emit 
positive or negative pulses of equal ampli- 55 
tude to an integrator element The time in- 
tegral of the pulses and thus the charge 
emitted by the current sources is, for phase 
differences of up to ± 90°. proportional to 
the phase difference between the measure- 60 
ment signal and the reference signal. This 
known phase detector determines the phase 
difference between the centres of the pulses 
of the reference signal and the rising or fall- 
ing flanks of the pulses of the measurement 65 
signal. 

This invention seeks to provide a phase 
detector which determines the phase dif- 
ference between the rising flanks of a 
measurement and a reference signal for a 70 
phase difference range of ± 180*. 

According to this invention there is pro- 
vided a phase detector for deternuning the 
phase difference between a binary measure- 
ment signal and a binary reference signal 75 
and for producmg first and second piUsed 
output signals the pulse widths of the pulses 

TuK^^^ dependent upon the magnitude 
ot the phase difference, comprising a delay 
element which is arranged to delay the re^ 80 
fer^ice signal by a tune which is equal to 
or greater than the period of the measure- 
moit signal and equal to, or less than, half 
the period of the reference signal, the period 
of the reference signal being equal to, or 85 
greated than, twice the period of the 
measurement signal, to produce a delayed 
reference signal, a bistable stage which is 
arranged to be set when the measurement 
si^al, the reference signal, and the inverted 90 
delayed reference signal all have a first bi- 
nary value and to be reset when the measure- 
ment signal has a second bmary value and 
the delayed reference signal has the first bi- 
nary value, a first logic element the output 95 
of which constitutes the first pulsed output 
signal and which emits a pulse when an out- 
put signal of the bistable stage, the inverted 
measuremait signal, the reference signal. 

the mverted delayed reference signal all 100 
have tiie first binary value, and a second 
logic element the output of which constitutes 
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the second pulsed output signal and which 
emits a pulse when the output signal of the 
bistable stage, the measurement signal, and 
the delayed reference signal all have the 

5 first binary value. 

A phase detector in accordance with the 
invention has the advantage that it operates 
with great accuracy, in particular when very 
small phase differences exist. In this case 

10 narrov/ pulses do not have to be processed, 
but instead the relative time difference be- 
tv/een pulses of different widths is formed. 
In addition the phase detector has the ad- 
vantage that it does not emit pulses when 

15 reference signals are absent 

Preferably the bistable stage comprises a 
third logic element which is responsive to 
the measurement signal, the reference signal, 
and the delayed reference signal to produce 

20 a setting signal, a fourth logic element v/hich 
is responsive to the measurement signal and 
the delayed reference signal to produce a 
resetting signal, and a bistable trigger circuit 
having a setting input to which the setting 

25 signal is applied, a trigger input to which 
the resetting signal is applied, and a data 
input to which the second binary value is 
applied. 

The invention will be further understood 
30 from the following description by way of 
example of an embodiment thereof with re- 
ference to the accompanying drawings, in 
which : — 

Figure 1 shows a block circuit diagram of 
35 a phase detector; 

Figure 2 shows time diagrams of signals 
which occur at various points in operation 
of ttie phase detector of Figiu-e 1; 

Figure 3 shows a characteristic curve of 
40 the phase detector of Figure 1; and 

Figure 4 shows a more detailed circuit 
diagram of the phase detector of Figure 1. 

The phase detector shown in Hgure 1 
comprises a bistable stage K, a delay ele- 
45 ment V, and two logic elements Gl and G2. 
The bistable stage K contains a bistable 
trigger circuit F and two logic elements G3 
and G4. The phase detector is supplied via 
a first input B with a rectangular reference 
50 signal b and via a second input M with a 
rectangular measurement signal m whose 
period tm is half the nominal period tb of 
the reference signal b. 

At a first output C and a second output 
55 D the phase detector emits pulsed signais c 
and d respectively. The difference betv/een 
the pulse widths of the signals c and ^ is a 
measure of the phase difference between the 
rising flanks of the reference signal b and 
60 those of the measurement signal m. 

When the phase detector is used in a phase 
control circuit, the signals c and d are con- 
ducted for example to a control device which 
supplies a control voltage for a voltage-con- 
65 trolled oscillator. The voltage-controlled 



oscillator produces the measurement signal 
;ii which is conducted to the phase detector. 

The measurement signal m is conducted 
to the logic elements Gl and G2 and in the 
bistable trigger stage K is conducted to the 70 
logic elements G3 and G4. The reference 
signal b is supplied to the delay element V 
and the logic elements Gl and G3. The de- 
lay element V delays the reference signal b 
by a length of time which is equal to, or up 75 
to approximately 10% greater than, the 
period tm of the measurement signal m and 
is equal to, or up to approximately 10% less 
than, half the period tb of the reference sig- 
nal b, the period tb being equal to, or up to 80 
approximately 20% greater than, twice the 
period tm. A delayed reference signal bl 
produced at the output of the delay element 
V is conducted to the logic elements Gl and 
G3 and also to the logic element G4. 85 

Further details of the phase detector illus- 
trated in Figure 1 will be described together 
with the signals represented in Figure 2. 

Figure 2 shows signals which occur dur- 
ing operation of the phase detector shown 90 
in Figure 1. In Figure 2 time t is plotted 
in the abscissa direction and the amplitudes 
of the signals are represented in the ordinate 
direction. As the signals are all binary sig- 
nals they can only assume the binary values 95 
0 and 1. 

The rectangular pulses of the measure- 
ment signal m represented in Figure 2 have 
a pulse width which is equal to half the 
period tm. The nominal period tb of the re- 100 
ference signal b is equal to double the period 
tm and the width of each pulse of the refer- 
ence signal b is equal to half the nominal . 
period tb, i.e. is equal to tm. It is assumed 
that between times tl and ?4 the period of 105 
the reference signal b is i greater than the 
nominal period tb and thus the phase dif- 
ference between the rising flanks of the re- 
ference signal b and those of the measure- 
ment signal m varies during this period. It no 
is further assumed that after the time r4 the 
period of the reference signal b is constant 
and equal to the nominal period tb, but that 
between the time t4 and a time tS a pulse of 
the reference signal b is absent. The delayed H5 
reference signal 61 is shown in Figure 2 to 
be delayed in relation to the r^erence signal 
b by the period tm of the measurement ag- 
nal m. 

At the time tl the rising flanks of a pulse 120 
of the delayed reference signal bl and a 
pulse of the measurement signal m occur 
simultaneously, so at this time no phase dif- 
ference p exists between the two signals. At 
times t2 and /3 the measurement signal m 125 
leads and a positive phase difference p exists, 
from the time t4 onwards the measurement 
signal m lags and the phase difference p is 
negative. 

In the bistable stage K the logic element 130 
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G3 logic-links the reference signal b, the 
delayed reference signal 61, and the measure- 
ment signal m in such manner that a sig- 
nal s produced at its output has the binary 
5 value 1 whenever the reference signal b and 
the measurement signal m have the binary 
value 1 and the delayed reference signal b\ 
simultaneously has the binary value 0, This 
signal s is conducted as a setting signal to a 

10 setting input of the bistable trigger circuit F. 
which is set, so that a signal a produced at 
its output has the binary value 1, whenever 
the signal s assumes the binary value 1. 
The logic element G4 links the delayed 

15 reference signal b\ and the measurement 
signal m in such manner that a signal r pro- 
duced at its output has the binary value 0 
whenever the measurement signal m and the 
delayed reference signal b\ simultaneously 

20 have the binary value 1. llie signal r is con- 
ducted as a resetting signal to a trigger input 
of the bistable trigger ckcuit F. The bmary 
value 0 is permanently supplied to an asso- 
ciated data input, and when the resetting 

25 signal r changes its binary value from 0 to 1 
the binary value 0 is received by the bistable 
trigger circuit F which consequently is re- 
set so that the signal a assumes the binary 
value 0. 

30 The signal a is conducted to the logic 
elements Gl and G2. The logic element Gl 
logic-links the signal a, the measurement 
signal m, the reference signal b, and the de- 
layed reference signal bl in such manner 

35 that at the output C connected to the output 
of the element Gl the signal c has the binary 
value 1, i.e. a pulse of the signal c is pro- 
duced, whoti the signal a and the reference 
signal b have the binary value 1 and at the 

40 same time the delayed reference signal b\ 
and the measurement signal m have the bi- 
nary value 0. The logic element G2 logic- 
links the signal a with the measurement sig- 
nal m and the delayed reference signal 61 in 

45 such manner that at the output D connected 
to the output of the element G2 the signal 
d has the binary value 1, i.e. a pulse of tilie 
signal d is produced, when the signal a, the 
measurement signal m, and the delayed re- 

50 ference signal bl all simultaneously have the 
binary value 1. 

At the time tl no phase difference p exists 
betwe^ the measurement signal m and tiie 
delayed reference signal bh so that the pulse' 

55 of the signal c which is terminated at this 
time and the pulse of the signal d which 
commences at this time both have a width 
which is equal to the width of the rectangu- 
lar pulses of the measurement signal m. 

60 At the time t2 the measurement signal m 
leads the ddayed reference signal b\ by 90° 
in relation to the period tm. The pulse width 
/c of the pulse of the signal c which is ter- 
minated at this time is again equal to the 

65 pulse width of the measurement signal »i. 



but the pulse width td of the corresponding 
pulse of the signal d is now only half the 
width tc. 

At the time t3 the measurement signal m 
leads by a phase difference p of 180**. The 70 
width of the pulse of the signal c is again 
equal to that of the pulses of the measure- 
ment signal m. The corresponding pulse of 
the signal d, on the other hand, now either 
no longer exists or, as shown in Figure 2, 75 
has a very small width. 

From the time /4 onwards the measure- 
ment signal m lags by a constant phase dif- 
ference of 90**. Consequently from this time 
onwards the width of each pulse of the sig- 80 
nal d is equal to that of the pulses of the 
pulses of the measurement signal m, and 
each pulse of the signal c has only half this 
width. 

As it has been assumed that a rectangular 85 
pulse of the reference signal b is absent be- 
tween the times r4 and tS, no corresponding 
pulses of the signals c and d are titien pro- 
duced. 

Figure 3 illustrates a characteristic ciurve 90 
of the phase detector. The phase difference 
p between the measurement signal m and 
the delayed reference signal bl is plotted 
in the abscissa direction. This phase differ- 
ence p is related to the period of the 95 
measurement signal m. The difference tc — 
td of the pulse widths tc and td is plotted 
in the ordinate direction. The characteristic 
curve has a saw-tooth shaped courses which 
is repeated with a period of 360"*. It also 100 
shows that the phase detector possesses a 
linear course in a range between —180** and 
4-180° of each period. The phase difference 
between the measurement signal m and the 
undelayed reference signal b can also be 105 
seen from the characteristic curve if the or- 
dinate is displaced in the abscissa direction 
by the delay time, produced by the delay 
element V, related to the period of the 
measurement si^al m. With the assimiied de- HO 
lay time which is e^ual to the period tm of 
the measurement signal n, the ordinate is 
displaced to the left by a phase angle of 
360^ 

Figure 4 shows the phase detector in more 115 
detail. The delay element V is for example 
a transit time element or, if an appropriate 
pulse train signal exists, a shift register. The 
logic el^ent Gl consists of an AND gate 
Ul and an inverter Jl. The AND gate Ul 120 
is supplied with the measurement signal m 
inverted by the inverter Jl, the reference sig- 
nal b, the signal a, and the delayed refer- 
ence signal bl inverted by an inverter J2 
in the logic element G3. The logic element 125 
G2 consists of an AND gate U2; which logic- 
links the measurement signal m, the delayed 
reference signal bl, and the signal a. 

Hie logic element G3 consists of the in- 
verter J2 and an AND gate U3. The AND 130 



4 



1.496397 



gate U3 logic-links the measurement signal 
/n, the reference signal and the inverted 
reference signal 61, and produces the setting 
signal s at its output. The logic element G4 
5 consists of a NAND gate N v/hich logic- 
linlcs the measurement signal m with the de- 
layed reference signal bl and produces the 
resetting signal r at its output 

10 WHAT WE CLAIM IS: — 

1. A phase detector for determining tiie 
phase difference between a binary measure- 
ment signal and a binary reference signal 
and for producing first and second piUsed 

15 output signals the pulse widths of the pulses 
of which are dependent upon the magnitude 
of the phase difference, comprising a delay 
element which is arranged to delay the re- 
ference signal by a time which is equal to 

20 or greater than the period of the measure- 
ment signal and equal to, or less than, half 
the period of the reference signal, the period 
of the reference signal being equal to, or 
greater than, twice the period of measure- 

25 ment signal, to produce a delayed reference 
signal, a bistable stage which is arranged 
to be set when the measurement signal, the 
reference signal, and the inverted delayed 
reference signal all Imve a first binary value 

30 and to be reset when the measurement sig- 
nal has a second binary value and the de- 
layed reference signal has the first binary 
value, a first logic element the output of 
which constitutes the first pulsed output sig- 

35 nal and which emits a pidse when an out- 
put signal of the bistable stage, the inverted 



measurement signal, the reference signal, 
and the inverted delayed reference signal all 
have the first binary value, and a second 
logic element the output of which constitutes 
the second pulsed output signal and which 
emits a pulse when the output signal of the 
bistable stage, the measurement signal, and 
the delayed reference signal all have the first 
binary value. 

2. A phase detector as claimed in Claim 
1 wherein the bistable stage comprises a 
third logic element v/hich is responsive to 
the measurement signal, the reference signal, 
and the delayed reference signal to produce 
a setting signal, a fourth logic element which 
is responsive to the measurement signal and 
the delayed reference signal to produce a 
resetting signal, and a bistable trigger dr- 
cuit having a setting input to which the set- 
ting signal is applied, a trigger input to 
which the resetting signal is applied, and a 
data input to which the second binary value 
is applied. 

3. A phase detector substantially as here- 
in described v/ith reference to the accom- 
panying drawings. 

For the Applicants, 
G. F. REDFERN & CO., 
St. Martin's House, 177 Preston Road. 
Brighton, BNl 6BB. 
and 

High Holborn House, 
52/54 High Holborn, 
London, WCIV 6RL, 
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